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ASSESSING THE PERFORMANCE OF RADIO 
DEVICES 

FIELD OF THE INVENTION 

The invention relates to methods of, and apparatus for, 
assessing the performance of radio transmitting equipment. 

BACKGROUND OF THE INVENTION 

On the production line, mobile telephone handset manu 
facturers often face a need to cancel out carrier leakage at the 
antenna port, i.e. the port that delivers radio frequency signals 
to the handset’s antenna for transmission. “Carrier leakage” is 
sometimes called “origin offset” or even “DC offset”. Pres 
ently, most manufacturers use simple but inaccurate or more 
accurate but time consuming methods for carrier leakage 
cancellation. An ideal carrier leakage cancellation scheme 
Would provide accurate calibration in as short a time as pos 
sible in order to optimise the throughput of a handset produc 
tion line. 
A GSM handset manufacturer Who Wishes to bring a hand 

set design into production must ensure that the handset passes 
a large number of tests (as de?ned in the 3GPP standards) 
relating to its RF performance. One of these test veri?es 
Whether the carrier leakage of the handset is beloW a speci?ed 
value. 

The 3GPP standards stipulate that the carrier leakage at the 
antenna port of a handset must alWays be better than —30 dBc 
When transmitting an EDGE or GMSK modulated signal. 
Achieving this level of performance may not seem very dif 
?cult but there are many factors that contribute towards car 
rier leakage and lead toWards failure of the carrier leakage 
test. 

It is conventional to regard the signal processing Within a 
mobile telephone handset as divided into RF signal process 
ing and base band signal processing. Typically, the RF pro 
cessing is carried out by an RF or radio chip and the base band 
processing is performed by a base band chip. Amongst other 
tasks, a base band chip Will typically be con?gured to take 
information that is to be transmitted from the handset and 
convert that information into a base band signal in quadrature 
format comprising I and Q differential signals. The quadra 
ture format base band signal is then supplied to the radio chip 
for modulation on to an RF carrier signal. The RF chip then 
delivers the modulated RF signal into an antenna port leading 
to the handset’s antenna for transmission. 

In a handset of the general type described in the proceeding 
paragraph, there are tWo main contributors to carrier leakage 
appearing in the signal delivered by the RF chip to the antenna 
port. First, there may be DC offsets in the I and Q differential 
signals delivered by the base band chip to the radio chip. 
These DC offsets are due to the design of the base band chip. 
Second, defects in the radio chip may cause the RF carrier 
signal on to Which the base band signal is modulated to leak 
into the output of the modulation process. As both of these 
contributors are completely uncorrelated, they may cancel 
one another but, alternatively, they may reinforce one another. 

In order to pass carrier leakage tests, different handset 
manufacturers apply different strategies depending on the 
performance of their base band and radio chips. For example: 

Very tight manufacturing tolerance may be imposed on the 
base band and radio chips themselves. HoWever, this can 
decrease the yield of the manufacturing process thereby lead 
ing to increased costs. 

Base band chips can be provided With technology that 
enables them to cancel DC offsets appearing in the differen 
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2 
tial I and Q signals that are delivered to the radio chip. Where 
such technology is used, the need to calibrate a handset to 
meet a carrier leakage test usually depends on the perfor 
mance of the radio chip. 

If the amount of carrier leakage attributable to a radio chip 
is statistically not good enough, Which is commonly the case, 
then it becomes necessary to perform a calibration process on 
the RF signal that is delivered from the radio chip to the 
antenna port in order to reduce the total carrier leakage for the 
handset. 

Typically, a calibration process of this kind uses registers 
Within the base band chip to compensate for the total carrier 
leakage (i.e. arising from both the base band chip and the 
radio chip) by deliberately introducing corrective DC offsets 
in the differential I and Q signals that are delivered by the base 
band chip to the radio chip. HoWever, since every handset 
moving along a production line With require calibration, it is 
important to make the calibration time as short as possible in 
order to maximise the throughput of the production line. A 
conventional calibration scheme of this kind Will noW be 
described. 
The DC offsets provided to the differential I and Q signals 

delivered by the base band chip in order to suppress carrier 
leakage in the output of the RF chip are determined by a pair 
of programmable registers in the base band chip. One of the 
registers controls the DC offset that appears in the differential 
signal that is the I component of the signal delivered to the 
radio chip, Whilst the other register provides the same func 
tion for the differential signal that is the Q component of the 
quadrature signal that is delivered to the radio chip. 
The values held in the registers are stepped across their 

entire ranges and, for each possible combination of the values 
of the tWo registers, the carrier leakage at the output of the RF 
chip is measured using a poWer meter and recorded in a 
computer memory. Provided that the ranges used by the reg 
isters are Wide enough, then the captured data should display 
a minimum carrier leakage value indicating the best pair of 
values to use in the tWo registers. FIG. 1 plots mean carrier 
leakage against the values of the tWo registers, Which are 
referred to as Q OFFSET and I OFFSET in FIG. 1. Clearly, 
the pair of register values that produces the loWest carrier 
leakage at the output of the RF chip lies at the bottom of the 
Well that appears in the mean carrier leakage surface in FIG. 
1. 
The calibration process described in the tWo preceding 

paragraphs suffers in that it can be time consuming to com 
plete. The problem is exacerbated since manufacturers need 
to provide broad ranges for the registers to cater for the 
extreme carrier leakage values that might be encountered in 
handsets on a production line, even though the Worst-case 
carrier leakage is likely to occur only infrequently. 

SUMMARY OF THE INVENTION 

According to one aspect, the invention provides a method 
of assessing the performance of a radio transmitting means of, 
or intended for use in, a user terminal of a mobile telecom 

munications netWork, the transmitting means having a plu 
rality of correction factors that are adjustable for improving 
the performance of the transmitting means and Whose values 
together de?ne a point in a correction space, the method 
comprising allocating values to the factors to specify a point 
in the space, measuring the performance of the transmitting 
means to determine as an error distance the distance of said 

point from an optimum point in said space that gives best 
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performance of the transmitting means in terms of said factors 
and using said distance in the identi?cation of said optimum 
point. 

The invention also consists in apparatus for assessing the 
performance of a radio transmitting means of, or intended for 
use in, a user terminal of a mobile telecommunications net 

Work, the transmitting means having a plurality of correction 
factors that are adjustable for improving the performance of 
the transmitting means and Whose values together de?ne a 
point in a correction space, the apparatus comprising means 
for allocating values to the factors to specify a point in the 
space, means for measuring the performance of the transmit 
ting means to determine as an error distance the distance of 

said point from an optimum point in said space that gives best 
performance of the transmitting means in terms of said factors 
and means for identifying said optimum point using said 
distance. 

The invention thus provides useful data that can be used in 
locating the optimum point in the correction space. 

In certain embodiments, the process of identifying this 
optimum point is achieved on the basis of triangulation by 
determining for several points in the correction space corre 
sponding error distances. In the case Where there are more 

than tWo correction factors, the “triangulation” process may 
be required to be a non-planar process in order to locate the 
optimum correction space point. The triangulation may pro 
duce a result that is, to some degree, imprecise. For example, 
the triangulation process may indicate that the optimum cor 
rection space point is one of several correction space points 
permitted by the resolution of the correction factors. 

In certain embodiments employing triangulation, uncer 
tainty in the triangulation results may arise due, at least in 
part, to uncertainty in some operating parameter of the trans 
mitting means (eg the amplitude of the I and Q differential 
signals emitted by a base band chip Within the transmitting 
means) that is used to measure error distances for the trian 
gulation process. In such situations, the value of the operating 
parameter concerned may be varied to seek a value that 
reduces the uncertainty in the triangulation result. 

In certain embodiments Where the transmitting means 
modulates an information signal on to a carrier signal, carrier 
leakage in the carrier signal after modulation With the infor 
mation signal is detected and used in conjunction With the 
correction factor values and the amplitude of the information 
signal in order to deduce the error distance betWeen the cor 
rection space points de?ned by the current and optimum 
values of the correction factors. 

Once an optimum correction space point is located, the 
corresponding correction factor values can be deployed 
Within the transmitting means in order to calibrate it. 

The invention is used to assess the performance of a radio 
transmitting device Within, or intended to form part of, a user 
terminal of a telecommunications netWork. In this context, a 
user terminal is likely to be a mobile telephone (or cell phone) 
but this is not necessarily alWays the case. For example, the 
user terminal may be a communications module Within a 

vending machine. In other embodiments, the radio transmit 
ting means is not associated With a user terminal of a tele 
communications netWork but instead is associated With some 
other participant of a netWork, such as a base station. 

The radio device performance assessment according to the 
invention, and any associated correction factor calibration, 
might, for example, take place during production of the user 
terminal that is to incorporate the radio device under test or 
during the post production lifetime of the user terminal, per 
haps on a periodic basis to counter component ageing. 
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4 
The present invention may be implemented using softWare. 

For example, a softWare engineer could easily create pro 
gramme code for implementing the error distance calcula 
tions in the correction space and/or the triangulation process 
for locating the optimum correction space point based on 
several error distance measurements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

By Way of example only, several embodiments of the 
invention Will noW be described With reference to the accom 
panying draWings, in Which: 

FIG. 1 illustrates a carrier leakage surface plotted from data 
that Would be obtained using a conventional carrier leakage 
calibration process; 

FIG. 2 illustrates, schematically and at a high level shoWing 
only the components necessary for achieving an understand 
ing of the embodiment, a mobile telephone handset connected 
to a carrier leakage calibration unit; 

FIG. 3 is a diagram illustrating the triangulation process 
performed by the calibration unit of FIG. 2; and 

FIG. 4 is a ?owchart illustrating an algorithm that can be 
used for the triangulation process illustrated in FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates a mobile telephone handset 10 in produc 
tion. The handset 10 is connected to a carrier leakage calibra 
tion unit 12. The handset comprises a radio chip 14 and a base 
band chip 16. In practice, the handset 10 Will comprise many 
other elements but these are not shoWn for the sake of clarity. 
Only the components of the handset 10 that are relevant for 
understanding the operation of the embodiment are illus 
trated. The calibration unit 12 comprises a carrier leak mea 
surement unit (CMU) 18, such as a Rhode & SchWartZ CMU 
200, connected to a personal computer (PC) 20. The PC 20 is 
also connected to the base band chip 16. 
The base band chip 16 provides a quadrature format base 

band signal for the radio chip 14 to modulate on to an RF 
carrier signal. The I and Q components of this quadrature 
signal are differential signals supplied by respective differen 
tial digital to analogue converters (DACs) 22 and 24. No 
detail Will be given about the production of the signals on 
Which the DACs 22 and 24 operate in order to produce the 
quadrature signal that is supplied to the radio chip 14 since 
such information is not relevant for the purposes of rendering 
an explanation of an embodiment of the invention and such 
information is in any event Widely understood in the art. For 
the purposes of this document, the origins of the signals on 
Which DACs 22 and 24 operate Will simply be described, 
respectively, as I and Q data sources 26 and 28. 
The base band chip 16 further comprises tWo offset regis 

ters 30 and 32. The base band chip 30 is arranged to sum the 
content of register 30 With the data stream provided by the I 
channel data source 26 to the I channel DAC 22. In a similar 
fashion, the value held in register 32 is summed With the data 
stream provided by the Q channel data source 28. The regis 
ters 30 and 32 are programmable and can be loaded With 
positive or negative values for the purpose of increasing or 
decreasing the data values emanating from source 26 and 28. 
In this Way, the contents of the registers 30 and 32 are said to 
offset the data streams provided to the DACs 22 and 24 and 
thus the registers 30 and 32 Will be referred to as offset 
registers. The value stored in register 30 Will be referred to as 
Ioffset and the value held by register 32 Will be referred to as 
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Qoffset. The purpose of providing the offset registers 30 and 
32 for adjusting the inputs to the DACs 22 and 24 Will be 
described shortly. 

The quadrature format information signal produced by the 
DACs 22 and 24 is supplied to the radio chip 14. The radio 
chip 14 contains a modulator 34 that modulates the quadra 
ture format information signal on to an RF carrier signal. The 
modulated RF carrier signal produced by the modulator 34 is 
supplied from the radio chip 14 to the input port 36 of the 
antenna (not shoWn) of the handset 10. The CMU 18 of the 
calibration unit 12 is connected to the port 36 for the purpose 
of measuring the carrier leakage poWer in the signal that is 
delivered to the port 36 from the radio chip 14. The CMU 18 
calculates periodic average carrier leakage poWer values, 
Which are transmitted to the PC 20. The PC 20 analyses the 
mean carrier leakage poWer values and determines optimum 
values to be stored in the offset of registers 30 and 32 for 
minimising carrier leakage in the signal that the radio chip 14 
delivers to port 36. The algorithm that is used Within PC 20 to 
determine the values loaded into registers 30 and 32 Will noW 
be described. 

The purpose of the calibration unit 12 is to locate the 
optimum values that should be programmed into the offset 
registers 30 and 32 in order to minimise carrier leakage in the 
signal that the radio chip 14 presents to port 36. It is possible 
to consider the offset registers 30 and 32 as the orthogonal 
axes of a tWo dimensional correction plane. Of course, if the 
handset 10 featured other parameters that could be adjusted 
under the control of the calibration unit 12 in order to suppress 
the carrier leakage, then the correction space Will no longerbe 
a tWo dimensional correction plane but instead becomes a 
correction space With a number of dimensions equal to the 
number of parameters of the handset that the calibration unit 
18 can control in seeking a minimum carrier leakage value. 
The optimum values for registers 30 and 32 specify an 

optimum correction point POPT in the tWo dimensional cor 
rection space. If arbitrary values are programmed into regis 
ters 30 and 32, then the arbitrary point thus speci?ed in the 
correction space is connected to the optimum correctionpoint 
by an error vector. For example, consider that the optimum 
correction space point (IO?EtOPT, QO?EtOPT) is (-10, 10) in 
mV. If the offset registers 30 and 32 are arbitrarily pro 
grammed so that they specify the point (0, 10) mV in the 
correction space, then the resulting error vector is (—l0, 0) 
mV. It is possible to deduce the modulus of the error vector, 
Which in the previous example is 10 mV, from average carrier 
leakage measurements performed by the CMU 18. The opti 
mum correction space point can be calculated from error 
vector moduli using the assumption that average carrier leak 
age poWer is a monotonic function of error vector modulus in 
that the smaller the modulus, the loWer the average carrier 
leakage poWer is. 

The measurement of the modulus of an error vector from an 
arbitrary point in the correction space identi?es a circle cen 
tred on the correction space point on Who se circumference the 
optimum correction space point should lie. Hence, error vec 
tor modulus should be referred to as error radius. The error 
vector modulus or error radius is given by the equation: 

In the above equation, (Ioffset, Qoffset) represents the 
arbitrary correction space point. 
A mean carrier leak poWer measurement is related to error 

radius by the equation: 
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Radius 
MeanCarrierLeak : 20 - loglo(m] dBc 

eani ignai eve 

The “mean signal level” is the amplitude of the quadrature 
format base band signal supplied from DACs 22 and 24. The 
optimum correction space point can be deduced from just 
three error radii calculated from three different correction 
space points. For example, the three correction space points 

In the foregoing sets of coordinates, R is an arbitrary value. 
In FIG. 3, for example, R is 20 mV. 

In the case of FIG. 3, Where mean carrier leakage poWers 
CL1, CL2 and CL3 [dBc] are measured for correction space 
points P1, P2 and P3 respectively, then error radii R1, R2 and 
R3 [mV] for points P1, P2 and P3, respectively, can be cal 
culated as folloWs: 

CLl 
R1 : MeaniSignaliLevel- 1070* 

CL2 
R2 : MeaniSignaliLevel- 107V 

CL3 
R3 : MeaniSignaliLevel- 1070* 

However, the three error radii are also given by the equa 
tions: 

R1 = \j (R — 1.53392 + <-R - Qfiffglf in[rnV] 

R2 = \/ <-R — 1.53392 + <-R - QSZff’ZQf in<mV1 

R3 = \/(’%L)2 + (R - QZEZJZ inImVI 

Values of R1, R2 and R3 from the mean carrier leakage 
poWer measurements can be inserted into the above equa 
tions, Which can then be solved to determine the optimum 
correction space point; 

The processing of the mean carrier leakage poWer values 
yielded by the CMU 18 is done by the PC 20. Once the 
optimum correction space point (IO?EtOPT, Qo?etopf) has 
been deduced by the PC, the PC then proceeds to load the 
value (IO?EtOPT) into offset register 30 and value (QO?QtOPT) 
into register 32. 

FIG. 3 illustrates diagrammatically the process of locating 
the optimum correction space point (labelled POPT in FIG. 3) 
from mean carrier leakage poWer measurements done for 
correction space points P1, P2 and P3 . As shoWn in FIG. 3, the 
differing error radii deduced for P1, P2 and P3 from the mean 
carrier leakage poWer measurements yield three circles that 
have a single point of mutual intersection that identi?es 
POPT. 
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In some practical cases, the three circles shown in FIG. 3 
will not mutually intersect. In such cases, the correction space 
point that emerges from the foregoing algorithm is more 
properly labelled PCAL to distinguish it from POPT. 

In practice, a major contributor to the discrepancy between 
PCAL and POPT is variation of the mean signal level, i.e. the 
amplitude of the signal delivered by DACs 22 and 24, about 
its nominal design value due to the manufacturing tolerances 
applicable to the base band chip 16. An embodiment of the 
invention that addresses this source of discrepancy between 
POPT and PCAL will now be described. 

It is clear from the equations presented earlier that the mean 
signal level, or MSL, of the base band chip 16 controls the 
error radii that are determined from the mean carrier leakage 
measurements. For example, if the nominal MSL used to 
calculate the error radii is too low, then the radii of the circles 
shown in FIG. 3 will be too small and the circles will fail to 
have a point of mutual intersection. Likewise, if the nominal 
MSL that is used to calculate the error radii is too high, the 
radii of the circles in FIG. 3 will be too large and the circles 
will again fail to have a point of mutual intersection. Accord 
ingly, in this embodiment, the MSL is treated as a variable and 
an error function e is used to determine the optimum value of 

the MSL. In essence, for each value of the MSL, PCAL and e 
are deduced. Once values of PCAL and e have been calcu 
lated for each value of the MSL, the PC 20 loads into registers 
30 and 32 the component values of the PCAL that has the 
lowest value of the error function e. The error function e is the 

sum of three errors e1, e2 and e3. Error el calculates how 
distant PCAL is from the circle centred on P1. Error e2 
calculates how distant PCAL is from the circle centred on P2. 
Error e3 calculates how distant PCAL is from the circle 
centred on P3. It will be apparent that when the three circles 
mutually intersect, e1, e2 and e3 are all Zero. In practical 
terms, however, the closer the circles get to mutual intersec 
tion, the smaller e becomes and the nearer PCAL gets to 
POPT. 

In the context of this embodiment, it is appropriate to 
regard the variable MSL as an array of values MSL (u) such 
that the components of PCAL, i.e. IO?EtCAL and Qo?setcAL, and 
the error e become arrays I0?etCAL(u), Qo?setcALw) and e (u). 

FIG. 4 presents a ?owchart illustrating how POPT is 
deduced in this embodiment. 

In step S1, the carrier leakage calibration process is initi 
ated. In step S2, a value is selected for R. In step S3 the mean 
carrier leakage power is measured at points P1, P2 and P3 in 
the correction space. Thus far, the algorithm for deducing 
PCAL operates as in the previous embodiment. However, in 
step S4, array index u is initialised and it is at this point that the 
calibration algorithms of the two embodiments diverge. In 
step S5, an element MSL(u) is retrieved from the array of 
MSL values. In this example, the MSL values range from 500 
to 800 in increments of l and represent a range of 500 to 800 
millivolts. In fact, as shown in step S5, it is possible to replace 
the array of MSL values with a function of u. 

In step S6, the error radii R1, R2, and R3 are calculated 
using the equations provided earlier that relate error radius 
with MSL, R and mean carrier leakage power. In the ?ow 
chart, RR1, RR2 and RR3 correspond to R12, R22 and R32, 
respectively and C1, C2 and C3 correspond, respectively, to 
CL1, CL2 and CL3 and R is again allocated the value 20 mV. 
Following calculation of the error radii, step S6 then proceeds 
to calculate IO?EtCAL (u) and Q0 ?etCAL (u) from the value R and 
the three error radii using the equations presented earlier. 
I0?etCAL(u) and Qo?etcALw) are then used to calculate, using 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
the equations shown in step S6, values for the temporary 
variables e1, e2 and e3, which are then summed to produce a 
value for the error e(u). 

In step S7, the index u is tested to determine if it has 
reached the value of 300. If u has reached 300, then the 
process moves to step S8. On the other hand, if u has not yet 
reached 300, then the process moves to step S9, in which the 
index u is incremented by one. From step S9, the process 
returns to step S5 so that values of I0?etCAL(u), Qo?etcALw) 
and e(u) can be calculated for the new value of index u. 
The process moves to step S8 once the arrays I0?etCAL(u), 

Qo?etcALw) and e(u) have been fully populated. In step S8, 
the array of e values is examined to determine the minimum 
e value. The value of u for the minimum value of e is labelled 

i and, in step S10, POPT is set as the pair of values lo?etcAL?) 
and Qo?etcAL?). The process then moves to step S11 and 
terminates. 
The process of determining POPT from the mean carrier 

leakage power measurements using the ?owchart of FIG. 4 
takes less than 1 second on a standard PC. However, it is 
possible to alter the algorithm presented in FIG. 4 to further 
increase the speed of operation. For example, rather than 
incrementing the parameter MSL by l in a linear sweep, it is 
possible instead to increment the parameter MSL in coarser 
steps beginning at the low end of the range whilst verifying 
for each step that the error function e is lower than for the 
previous step. If, however, the error function is deduced to be 
higher than for the previous step, then the step direction is 
reversed and the step amplitude decreased (for example, to 
50% of its previous value). This process is then repeated so 
that the MSL converges to an optimum value by a directed 
search. 

In the embodiments described thus far, the carrier leakage 
calibration unit 12 has been used to test mobile telephone 
handsets on a production line. However, it is entirely possible 
to integrate the functionality of the calibration unit 12 within 
the handset 10 for the purpose of performing carrier leakage 
calibration as desired throughout the operating lifetime of the 
handset. In this case, the functionality of the CMU 18 is 
integrated within the handset 10 and the functions of the 
carrier leakage calibration process that are performed by the 
PC 20 in the proceeding embodiments are instead provided by 
data processing and data storage resources internal to the 
handset 10. With the functionality of the calibration unit 12 
incorporated within the handset 10, the handset conducts 
carrier leakage calibration by transmitting three short trans 
missions of an unmodulated carrier signal using a different 
correction space setting of registers 30 and 32 for each trans 
mission. The actual power of the signal delivered to port 36 is 
then measured for each of the transmissions and the optimum 
correction space point is deduced from the measurements 
using, for example, the control processor (not shown) of the 
handset 10 to perform one of the carrier leakage calibration 
algorithms described above. 

The invention claimed is: 
1. A method of assessing the performance of a radio trans 

mitting means of, or intended for use in, a user terminal of a 
mobile telecommunications network, the transmitting means 
having a plurality of correction factors that are adjustable for 
improving the performance of the transmitting means and 
whose values together de?ne a point in a correction space, the 
method comprising: 

allocating values to the factors to specify a point in the 
space; 

measuring the performance of the transmitting means to 
determine as an error distance the distance of said point 
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from an optimum point in said space that gives best 
performance of the transmitting means in terms of said 
factors; and 

using said distance in the identi?cation of said optimum 
point, 

Wherein the correction factors are I and Q offset values that 
are mixed, respectively, With an I component and a Q 
component of a signal that is being passed to a radio 
frequency modulator. 

2. A method according to claim 1, Wherein the process of 
identifying said optimum point comprises triangulating to 
said optimum point by using a plurality of points in said space 
together With their associated distances to said optimum 
point. 

3. A method according to claim 2, Wherein uncertainty in 
the value of an operating parameter of the transmitting means 
that is used to calculate distances in said space in said trian 
gulation process produces uncertainty in the triangulation 
results and the value of said operating parameter is varied to 
seek a value that reduces the uncertainty in the triangulation 
results. 

4. A method according to claim 1, Wherein the transmitting 
means is arranged to modulate an information signal on to a 
carrier signal and the measurement process is arranged to 
measure an error distance by measuring carrier leakage in the 
carrier signal modulated With the information signal and 
using the measured carrier leakage, the correction factor val 
ues and the information signal amplitude to measure the error 
distance betWeen the point de?ned by the correction factor 
values and said optimum point. 

5. A method according to claim 1, further comprising 
adjusting the values of the correction factors so that they 
specify the deduced optimum point. 

6. A method according to claim 1, Wherein said space is 
planar. 

7. A method according to claim 1, Wherein there are tWo 
correction factors and their values specify a point in said 
space. 

8. Apparatus for assessing the performance of a radio trans 
mitting means of, or intended for use in, a user terminal of a 
mobile telecommunications netWork, the transmitting means 
having a plurality of correction factors that are adjustable for 
improving the performance of the transmitting means and 
Whose values together de?ne a point in a correction space, the 
apparatus comprising: 
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10 
means for allocating values to the factors to specify a point 

in the space; 
means for measuring the performance of the transmitting 

means to determine as an error distance the distance of 
said point from an optimum point in said space that gives 
best performance of the transmitting means in terms of 
said factors; and 

means for identifying said optimum point using said dis 
tance, 

Wherein the correction factors are I and Q offset values that 
are mixed, respectively, With an I component and a Q 
component of a signal that is to be passed to a radio 
frequency modulator. 

9. Apparatus according to claim 8, Wherein the identifying 
means is arranged to triangulate to said optimum point by 
using a plurality of points in said space together With their 
associated distances to said optimum point. 

10. Apparatus according to claim 9, Wherein uncertainty in 
the value of an operating parameter of the transmitting means 
that is used to calculate distances in said space in said trian 
gulation process produces uncertainty in the triangulation 
results and the identifying means is arranged to vary the value 
of said operating parameter to seek a value of that parameter 
that reduces the uncertainty in the triangulation results. 

11. Apparatus according to claim 8, Wherein the transmit 
ting means is arranged to modulate an information signal on 
to a carrier signal and the measuring means is arranged to 
measure an error distance by measuring carrier leakage in the 
carrier signal modulated With the information signal and to 
use the measured carrier leakage, the correction factor values 
and the information signal amplitude to measure the error 
distance betWeen the point de?ned by the correction factor 
values and said optimum point. 

12. Apparatus according to claim 8, further comprising 
means for adjusting values of the correction factors so that 
they specify the deduced optimum point. 

13. Apparatus according to claim 8, Wherein said space is 
planar. 

14. Apparatus according to claim 8, Wherein there are tWo 
correction factors and their values specify a point in said 
space. 

15. A user terminal of a mobile telecommunications net 
Work, comprising radio transmitting means and apparatus 
according to claim 8 for assessing the performance of the 
radio transmitting means. 

* * * * * 


